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Corrections to Driver Characteristic Specifications and 

Standard Formulations for Intersection Sight Distance 

KEVIN G. HOOPER AND HUGH W. McGEE 

This report documents an evaluation of the American Association of State High
way and Transportation Officials standards for intersection sight distance and 
how they are affected by driver characteristics. The study involved the develop
ment of a population profile for the driver characteristic perception-reaction 
time, and the calculation of the sensitivity of each standard to realistic changes 
in the driver characteristic. The study found that, for case I intersection sight 
distance, the driver is not provided sufficient time or distance to take evasive 
action from an opposing vehicle, and for case II, adequate sight distance in 
order to stop before the intersection is not provided despite the intent of the 
standard to enable such an action. Proper formulations are developed in the 
paper and proposed as revisions. The effect of these revisions on current stan
dard intersection sight distances is described and quantified. In addition, rec
ommendations are made to increase the perception-reaction-time value for 
case I from 2.0 to 3.4 s and for case II from 2.5 to 3.4 s. 

The 1965 American Association of State Highway Offi
cials (AASHO) Blue Book, A Policy on Geometric De
sign of Rural Highways (_!_) , and its draft revised 
versions <ll present standards for adequate sight 
distance at intersections. Abridged analyses of the 
interrelations between characteristics and the 
sight-distance standards for cases I and II follow. 
Included in these analyses are investigations into 
the appropriateness of the current standard formula
tions. 

CASE I: ENABLING VEHICLES TO ADJUST SPEED 

Current Standard 

At an intersection where no approach leg is con
trolled by stop signs, yield signs, or traffic sig
nals, a driver of a vehicle who approaches the in
tersection must be provided adequate sight distance 
both to perceive the potentially conflicting move
ment of a crossing vehicle and to take the necessary 
countermeasure. The American Association of State 
Highway and Transportation Officials (AASHTO) Ill 
formula for computing the minimum allowable sight 
distance on each leg ic ac followc1 

D = ! .467V (PRAT) (!) 

where 

D 

v 
PRAT 

minimum sight triangle distance (ft), 
vehicle velocity (mph), and 
perception-reaction-action time (s). 

The formulation assumes that the appropriate min
imum distance from an intersection, at the point 
where the driver first observes a vehicle approach
ing on an intersecting road, is that which is cov
ered during both the driver's perception and reac
tion time (which includes l s in which the speed of 
the vehicle is adjusted by the driver's reaction). 
AASHTO recommends the use of between 2.5 and 3.0 s 
as the value for the perception-reaction-action 
time: 1.5-2.0 s for perception and reaction and 1.0 
s for the action (acceleration or deceleration). 

Driver Characteristic 

The perception-reaction process in this case is the 
ability of a driver to perceive a vehicle moving 
across his or her path, judge its trajectory in re
lation to his or her vehicle, and then decide 
whether some speed adjustment is necessary to avoid 
collision. A literature review did not uncover any 
studies on how long it takes drivers to perform this 
overall task. In the absence of any empirical re
search, estimates of the actual distribution of 
perception-reaction times for the driving population 
have to be based on a sum of the times for the com
ponents of the process determined from the available 
literature. 

If one were to model the driver's task for this 
situation (i.e., before the vehicle actually accel
erates or decelerates) , the following steps would 
likely be considered: 

l. Driver picks up (through peripheral vision) 
an object moving toward the intcroeotion1 

2. After a latency period, eye or head movement 
or both detects the objecti 
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3. Object is recognized as vehicle; 
4. Opposing vehicle's speed and time to reach 

intersection are estimated; 
5. Decision is made on whether deceleration or 

acceleration is required; and 
6. Decided action is initiated (e.g., foot moves 

to brake pedal). 

This is a relatively simple model of the driver's 
action and does not consider any overlapping of the 
discrete steps. Nonetheless, by assigning time val
ues to each of the steps and then summing, at least 
a reasonable upper value can be established. Values 
for each of the above steps can be approximated by 
using current research literature, as is detailed by 
McGee and Hooper <l>· The resulting estimated total 
values for various percentiles of the driving popu
lation are as follows: current specification, 2.0 
s; SOth percentile, 2.6 s; 85th percentile, 3.4 s; 
and 95th percentile, 4.0 s. 

CASE II: ENABLING VEHICLES TO STOP 

Current Standard 

The second case of intersection sight-distance re
quirements cited by AASHTO (2) deals with the situa
tion in which "it is assumed that the operator of a 
vehicle on either highway must be able to see the 
intersection and the intersecting highway in suffi
cient time to stop the vehicle before reaching the 
intersection. " Simply stated, the AASHTO policy 
requires that a driver of a vehicle moving toward an 
uncontrolled intersection be able to see a vehicle 
approaching the intersection from another leg when 
each vehicle is situated at its stopping-sight dis
tance from the intersection. 

The AASHTO <l> formulation for stopping-sight 
distance is as follows: 

SSD = 1.47 (RT)V + V2 /30 (f ± g)" 

where 

SSD stopping-sight distance (ft) , 
RT perception-brake-reaction time (s) , 

V initial vehicle velocity (mph), 

(2) 

f = coefficient of friction between tires and 
roadway, and 

g grade of roadway (ft/ft) • 

Driver Characteristic 

The case II intersection sight-distance standard is 
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based directly on the driver characteristic percep
tion-brake-reaction time. The AASHTO specification 
for stopping-sight distance perception-brake
reaction time is 2.5 s . However, in this applica
tion, the driver is required to perform a more com
plex set of actions than is required in sighting and 
stopping for a stationary object in the roadway. 
The driver needs more time to pick up the other mov
ing vehicle through peripheral vision and to move 
the head or eyes or both to detect the object. The 
decisionmaking component of the perception-brake
reaction task is also more complex because the 
driver must first evaluate the velocity of the other 
vehicle and the potential for a collision before 
deciding to take a particular evasive action. The 
actual perception-decision-reaction process that a 
driver must follow in a case II situation is similar 
to the process described earlier for case I situa
tions. Therefore, the case II perception-reaction 
time approximates the values listed previously for 
case I. The values range from an estimated 2. 6 s 
for the SO th percentile to an estimated 4. O s for 
the 95th percentile. The suggested estimated BS th 
percentile value of 3.4 s is well above the specifi
cation value of 2.5 s. 

The computed case II intersection sight distances 
are listed in Table 1 for the current specification 
value and for the estimated 50th, BSth, and 95th 
percentile drivers. The percentage differences be
tween these values and the current rounded stopping
sight distance standard values are also given in 
Table 1. For example, assuming a perception-brake
reaction time value of 3.4 s, the calculated desir
able intersection sight distance would be 18 percent 
greater than the current standard value at 30 mph 
and nearly 10 percent greater at 70 mph. 

It should be emphasized that these values for 
perception-brake-reaction time are to be considered 
estimates. They were determined by adding values, 
in some instances estimates themselves, of discrete 
components of the perception-brake-reaction time. 
It cannot be stated with certainty that these values 
do represent the true distribution of the driving 
public because they were based on relatively small 
sample sizes and less-than-actual driving conditions. 

Critigue of Standard 

The AASHO (_!) definition of the conditions that 
describe case II (enabling vehicles to stop) states 
that the "operator of a vehicle on either highway 
must be able to see the intersection and the inter
secting highway in sufficient time to stop the vehi-

Table 1. Computed case II intersection sight distances based on various values of perception-brake-reaction time. 

Computed Stopping-Sight Distance at Following RT Values 

Design Stopping-Sight RT= 2.5 s RT= 2.6 s RT= 3.4 s RT=4.0s 
Distance a (specification) (50th percentile) (85th percentile) (95th percentile) 

Design 
Speed SSD SSD Increase Above SSD Increase Above SSD Increase Above SSD Increase Above 
(mph) (ft) Condition (ft) Standard (%) (ft) Standard (%) (ft) Standard (%) (ft) Standard(%) 

30 200 Minimum 177 -12 181 -9.5 214 7.0 239 20 
200 Desirable 196 -2.0 200 0 235 18 262 31 

40 275 Minimum 267 -2.9 272 -1.1 315 15 346 26 
325 Desirable 313 -3.7 319 -1.8 366 13 401 23 

50 375 Minimum 376 0.3 383 2.1 435 16 473 26 
475 Desirable 461 -2.9 468 -1.5 527 II 571 20 

60 525 Minjmum 501 -4.6 509 3.0 570 8.6 616 17 
650 Desirable 634 -2.5 643 -I.I 713 9.7 766 18 

70 625 Minimum 613 -1.9 622 -0.5 690 10 741 19 
850 Desirable 840 -1.2 850 0 932 9.6 994 17 

aDesign values frnm AASHO (!). 
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Figure 1. Illustration of inadequacy of case II formulation. 

Table 2. Minimum distance of 
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AASHTO ssob vehicle B from intersection based on 
suggested revised methodology for 

Design Speed Minimum Distance of Vehicle B from Intersection• (ft) at Following Velocities (ft) 
of Vehicle A 

case II intersection sight distance. (mph) Ve= 30 mph Ve =40 mph v.B = 50 mph Ve= 60 mph V8 =70 mph VA Vn 

30 196 261 326 391 457 200 200 
40 235 313 392 470 548 325 325 
50 277 369 461 553 646 475 475 
60 317 423 528 634 739 650 650 
70 360 480 600 720 840 850 850 

8
Calculot<d with 111 01uggested revised rormu lotlon: De~ ( l.467( R1")V A+ vi./JO(r ± g)] (Vn/V A). Dorl•a llon ond explonatlon or the 

founul11 is provldt=d in the text. Vritoes ror VA• Ve, and SSO .r1ro .ba&ed on full (desireble) velod1icis. l'orcoption.~bt11ikt·teacU011 lime is 
b iwumad to be 2.s s-the •pecification for these calcuhllions. 
The lhh:i d stopping-sight-diJhmc:e values are the " rounded foe design .. values provided by AASHTO (!). 

cle before reaching the intersection.• There are 
three different relative approach patterns for two 
vehicles at an uncontrolled intersection: either 
vehicle A arrives first, or vehicle B arrives first, 
or they arrive simultaneously. According to the 
above definition, the case II sight distance should 
enable a driver confronted with the collision sce
nario to bring the vehicle to a complete stop before 
reaching the intersection. As is explained below, 
the AASHTO standards for stopping-sight distance do 
not provide this adequate sight distance in some 
cases. Instead, the AASHTO standards will sometimes 
place the driver in a situation where a speed ad
justment must be made to avoid a collision but where 
stopping distance is not ava1lable1 in other words, 
we are back to case I (enabling vehicles to adjust 
speed) . 

In terms of the sketch in Figure l, the AASHTO 
case II intersection sight distance requires that 
the driver of vehicle A be able to see vehicle B, 
each of which is situated at its respective stop
ping-sight distance from the intersection. Immedi
ately on sighting vehicle B, the driver of vehicle A 
reacts and brings vehicle A to a stop before reach
ing the intersection. However, if vehicle B did not 
exist, the driver of vehicle A would pass the SSDA 
point without perceiving the presence of a vehicle 
on the other leg of the intersection. For example, 
vehicle C cannot be seen by the driver of vehicle A1 
if both vehicle A and vehicle C proceed at a con-

stant speed (60 and 30 mph, respectively, in Figure 
l), they will arrive at the intersection simulta
neously. Thus, in reality, the situation is a ver
sion of case I, where a vehicle is not given enough 
distance to stop but instead is provided distance to 
only decelerate to avoid the other vehicle. 

It is recommended that the case II methodology be 
revised so that the driver of a vehicle located at 
its stopping-sight distance from an uncontrolled 
intersection be provided a direct line of sight to 
an approaching vehicle located the greater of the 
two distances described below: 

l. The stopping-sight distance that corresponds 
to the latter vehicle's velocity, or 

2. The distance at which the latter vehicle 
would be in order for the two vehicles to collide if 
the speeds of both were maintained. 

In general, the distance for the slower-approaching 
vehicle would need to be increased. Table 2 lists 
computed minimum distances for various combinations 
of approach velocities. 
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Visual Complexity and Sign Brightness in Detection and 
Recognition of Traffic Signs 
DOUGLAS J. MACE AND LEONARD POLLACK 

The effects of sign luminance on the detection and recognition of traffic-con
trol devices are mediated through contrast with the immediate surround. In 
addition, complex visual scenes are known to degrade visual performance with 
1argets well above the visual threshold. A laboratory study was conducted to 
determine ways of measuring visual complexity end to assess the capability of 
changes in sign luminance to offset decrements in performance that result from 
added complexity. Positive results were found for warning, construction, and 
stop signs but not for the black-on-white regulatory sign. Regression equations 
that use complexity factors, contrast, and target variables suggested that, in 
complex scenes, complexity is a more significant determinant of sign detection 
than brightness or contrast. A field study was also conducted to determine if 
these findings could be observed in terms of real-world driver performance. The 
effects of visual complexity were observed in the field, and increasing sign 
brightness improved sign detection and recognition under specific conditions. 

The role of sign brightness and the visual complex
ity of the nighttime highway environment in the de
tection and recognition of traffic signs was studied 
in both laboratory and field situations. The labo
ratory study permitted control over a large number 
of highway scenes that varied in the amount of vis
ual clutter. The field study was undertaken to de
termine whether sign brightness and visual complex
ity had an observable effect on driver behavior. 

LABORATORY STUDY 

The primary objective of the laboratory study was 
the development of a metric for visual complexity 
based on target-independent characteristics of the 
visual field. In this regard, the study addressed 
the question of whether a sign location that causes 
sign-recognition problems can be identified from 
measurements or observations of the location it
self. A secondary objective of the laboratory study 
was to determine whether increases in sign bright
ness offset decrements in visual performance that 
result from the visual complexity of the location. 

The detection of a visual target, such as a traf
fic sign, is influenced by the characteristics of 
the target and by the contrast of these target char
acteristics with similar dimensions of the sur
round. For example, the attention-getting value of 
a target increases as 

1. The target's brightness increases (1,2), 
2. The brightness contrast between the target 

and its surround increases Cl-llr 

3. The brightness contrast between different 
parts of the target increases (e.g., sign legend to 
background) Clr.il, 

4. The target's size increases relative to other 
stimuli in the visual field <1·~·1>, 

5. The shape of the target contrasts with noise 
items (10), and 

6. The target's hue contrasts with noise (_~,11). 

In addition to the effects of target characteris
tics, the characteristics of a target's surround 
also influence the likelihood of target detection. 
Specifically, several basic studies suggest that 
target conspicuity increases as 

1. The number of noise elements in the visual 
field decreases (12-18), 

2. The overall density of noise items in the 
visual field decreases (19-21) , 

3. The density of noise items immediately adja
cent to the target decreases <W , 

4. The distance between the target and noise in
creases (15-17,23), 

s. The-target is located further from the center 
of the visual field than the noise (versus when the 
target is located closer to the center of the visual 
field than the noise) (23-27), 

6. The number of irrelevant classes of stimuli 
in the visual field decreases (i.e., as the visual 
field becomes more homogenous) (28), and 

7. The variability within each irrelevant class 
of stimuli decreases (21). 

Because the majority of the studies listed above 
reflect basic research efforts that often use ab
stract targets located within relatively sterile 
visual matrices, operational definitions that facil
itate measurement of these dimensions in complex 
highway scenes have not been established. One ap
plied study (29) that did use photographs of actual 
road scenes as stimuli found that background com
plexity had a substantial negative effect on detec
tion. The components of background complexity, how
ever, were not evaluated. 

The experimental methodology of the laboratory 
study attempted to simulate real-world variation in 
visual complexity via photographic stimuli. In 
order to simulate a driver's search for signing in-


